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The Cosmic Microwave Background
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The Cosmic Microwave Background

T(;:l) = z alm lem (ﬁ)
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Basic elements well understood
= numerical codes
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WMAP 7
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ACT probes new scales
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Sudeep Das for the ACT collaboration



The Atacama Cosmology Telescope

Located i Cerro Toco, Northern Chile
Iigh and dry: 5200 m above sea level, 0.49mm PWV

O6m off-axis Gregorian primary

1’ resolution

3 frequency channels:

148, 218, 277 GHz
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For the results in this talk, we focus on the Southern Survey over 300 deg?

at 148 and 218 GHz
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Observing Str egy

Observe mainly at night: 20:30 — 09:50 local time
Fixed elevation of 53° South

Rapid scanning: 6 degrees every 8 seconds

observe each patch twice per night

WSRIKS,
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The ACT of Mapping

The challenge 1s to go
from raw ACT data

to reliable maps ON 0

sky (ie. with a transfer

function on average = £ 60
X
1) £
E
L
5 40
©
o
2
L 20
Noise is complicated, 0

mcludes correlations
between detectors from
atmosphere, etc.

A A A YTAR Y
— Real data - detectors look
- almost the same because
- they look through same

- atmosphere.

Sky signal is ~0.1 in
these units.
Atmosphere removal

critical.
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Jon Sievers for the ACT Collaboration
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ACT Data

Sum and dlfference maps (uK)

04" 03"

R.A. (j2000)
: : L e e e— I : I ]
Split data into ~200 -160 -120 -80 -40 O 40 80 120 160 200

4 subsets

Sensitivity (uK-arcmin)

-50° (ool
-52°
-54°

Dec.

06" 05" 04" 03" 02" 01"

R.A. (J2000)

=1 1 1 J

10 15 20 25 30 35 40 45 50

4 patches of 5x14.8° size

Use the mean of the
6 cross-spectra within a

patch

Auto spectra
estimate the
noise per patch
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The story so far...

¢ WMAP 5-year *
= SPT (150 GHz)

» QUaD (150 GHz)
< APEX (150 GHz)
& ACBAR (150 GH2z)
¥ Bolocam (150 GHz)
A BIMA (30 GHz

e CBI (30 GHz)

® SZA (30 GHz2)

20 200 500 1000 1500 2000 3000 4000 5000 6000 7000 8000

Fowler et al. 2010
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The story so far...
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Fowler et al. 2010
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2008 Southern Survey‘
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WMAP calibration
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Hagjan et al. 2010
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Null tests

148 GHz maps 218 GHz maps
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Multi-frequency model

th,ij tS7Z.ij kSZ,ij IR,ij -ad,ij 1,ij
B ij _ EMB_i_Bg i BISZA 4 pIRi . gra ,1J+B§}a i]
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Multi-frequency model

Bth 1 _ CMB+BtSé 1] +BkSL 1] _|_BIR ,ij 4 B rad,ij +BGal )]

Photons scatter off

l hot electrons

BEFORE . AFTER

- -—
i @
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S7. effect 1s fre
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Sehgal et al. 2009
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Multi-frequency model

th,ij tS7Z.ij kSZ,ij IR,ij -ad,ij 1,ij
Beu:: EMB+J% iy gESZiiy gl u+¢$umk+35au

S7Z i3 ' ) | 2tSZ kSZ
Bg — Aigy Bo’g + AkSZBO,g

frequency dependence

of the S7.
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Multi-frequency model

th,ij tS7Z.ij kSZ,ij IR,ij -ad,ij 1,ij
B ij _ EMB_i_Bg i BISZA 4 pIRi . gra ,1J+B§}a i]
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Multi-frequency model

th,ij tSZ,ij kSZ,ij IR,ij rad,ij 1,ij
Bg 1j _ EMB‘i"Bg ,1J+Be ,1J_|_B€ ,IJ_I.BEXC,]J_'_BKG& ij

BIRJJ B Power law frequency
/ = dependence

2 —2
. ) g(vy)|| vi vi )™
-\ 3000 ’ Vo Vo
Poisson Conversion

clustering between
thermodynamic
and antenna
temp units
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Multi-frequency model

th,ij tSZ,ij kSZ,ij IR,ij rad,ij 1,ij
Bg 1j _ EMB‘i"Bg ,1J+Be ,1J_|_B€ ,IJ_I.BEXC,]J_'_BKG& ij

Dusty galaxies
sit in halos =
IR,,ij ACT d(.etects Power law frequency
Bg = clustering at 50 dependence

Ag [ —— A Belus ]
d<3000> T frePoye (1/0 y0>

Poisson Conversion

clustering between
thermodynamic
and antenna
temp units
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Multi-frequency model

h,ij tSZ,i] kSZ,ij IR,ij rad,ij Gal,ij
BE 1 EMB‘i"Bg ,1J+Be ,1J_|_B€ ,1J_|_821CU+B€ al,1]

Brad,ij — A / 2 g(z/,z-) g(”j) Vi U g —2
© 7\3000/ g(r0)g(v) \vovo

Radio sources modelled as Poisson sources
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Multi-frequency model

th,ij tS7Z.ij kSZ,ij IR,ij -ad,ij 1,ij
B ij _ EMB_i_Bg i BISZA 4 pIRi . gra ,1J+B§}a i]

One frequency is not enough to separate components

Renée Hlozek, INPA Seminar




Multi-frequency model

th,ij tS7Z,ij kSZ.ij IR,ij rad, ij Gal,ij
B, =B+ B, A B 4 B B - By

T 148+218 ] [ ’ Src—1
ACT 148 1 [ X Src—2 -

IR, Poisson (#KZ)

B3000

0 2 14 16 4 6 8
IR, Clustered

8 R
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3000

1
IR,

Dunkley, R11, Sievers et al. 2010 Renee Hlozek, INPA Seminar




S7. amplitude

Template® AyszP B'?rfmc a‘:Z‘-" N ;Z""
(uK2) 0.8 x (A1) 08x(AlL)
TBO-1 0.62+0.26] 6.8+29 |0.74£0.05 0.75 £ 0.04
TBO-2 0.96 +£0.43] 6.7+£3.0 [0.78£0.05 0.79+0.04
Battaglia | 0.854+0.36] 6.8+29 [077+005 078 +0.04 TBO-1
Shaw 0.87+0.39] 6.8+3.0 [0.77+0.05 0.78 +£0.04

Battaglio — — —

Consistent with SPT value

of Ag,=0.55+0.21

(Lueker et al. 2009)

p(AtSZ)

Value depends on templates

- different gas physics

Shaw
TBO=2 —--i—---
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The ACT components
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Consistency with ACDM

Dunkley, R, Sievers et al. 2010
] -

0 =, . .
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* Assumptions:

— range of multipole: 500 < ¢ < 10000

— 2% calibration in temperature
— including beam error
— Sre-1 clustered template

— TBO-1 SZ template

Are our results sensitive to these assumptions?

Renée Hlozek, INPA Seminar
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Where 1s ACT’s power?

I

ACDM

cns/dlnk— -0.075
N ..=10

Y5=0.5

“ !5 iICT 148 GHz
A
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|

N/-\
%
E
=
~
™~ 1000
Q
P
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1000 2000
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ACT detects lensing

320
240

160

Dec. (J2000)

017 00™
R.A. (J2000)
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ACT detects lensin

1800 - -~ .

Das, Marriage et al

2010

1600

1400

1200

1000 ¢

SO0 ¢

600

1O

000 10010) 1500 20010 25010 JO00
¢

Best-fit lensed spectrum has Ax? = 8 less than unlensed spectrum
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ACT detects lensing

| | l
- = Unlensed Sim

—  ACT+WMAP

Das, Marriage et al. 1.0

2010

1 o+0.5(+1.2)
AL = 1°‘3—0.5(—1.0)

Best-fit lensed spectrum has Ax? = 8 less than unlensed spectrum
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Inflationary parameters

Standard i : .
inflation gives 0.05 F ACT+WMAP — ~
zero running WMAP :
o 0.00 . . = ............. -

- :
© .

o~ .

<’ —0.05} -
O ’ L -
—-0.10 - g -

dns/dInk = —0.034 + 0.018

0.92 0.94 0.90 0.98 1.00
nS(kO=0.015/Mpc)

Dunkley, R, Sievers et al. 2010 Renée Hlozek, INPA Seminar
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Dunkley, RH, Sievers et al. 2010

A ' Ll L] L ' L] L L] ' L L] v ' Ll L] L '
\
\

" ACT+WMAP
p >3 ruled out at 95% confidence

L Constraints \
v 0.2 F from the CMB

L alone

0.12—

0.0f

0.94 096 098 1.00
r= A (ko)/ A (ko) "s

1.02
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Relativistic Species

Relativistic species:

d I f
amp1ng+0 pOWGI‘ l I l ACDM
o .. 2000 dn_/dink=-0.075 —+—
shift in peak positions - S N =10 —
- ¥ilos
- T - |
& 1500 A -
X - i N
£ VAl ‘
£ / \ )
Q 1000 q/ | [ACT 148 GHz _]
/('i_ \/\\ - \ .
: Ay,
"L 500 [ wWMAP 7yr N 4 _
0 i ! ! ! ]
WMAP only 100 500 1000 2000 3000
constrains redshift of Multioole moment |
equality >
small scale needed for Neff = 53 - 13 (68% CL)
Silk damping tail

Renée Hlozek, INPA Seminar



Relativistic Species

Dunkley, 11, Sievers et al. 2010
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Primordial Helium

What if Big Bang Nucleosynthesis was non-standard?

ACDM
dnS/dInk=—O.O75
N ..=10

YeFf)sz.S

)

2

AN

\f * “l ACT 148 GHz

\
\ * \
\

More Y, decreases

e” = photons have
longer mean free

(@
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su])])l'(‘ssi(m of

¥
E
=
N
™~ 1000
2
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l 1 1 1 | l 1 1 1 1
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Primordial Helium

Standard assumptions are Yp = (.24 YP = 03 13 - 0 044 (68% CL)

0.8

ACT+WMAP
WMAP

0.6

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.92 0.94 0.96 0.98 1.00 1.02
Y n
P S

Zero primordial Helium ruled out at > 60
Renée Hlozek, INPA Seminar




Primordial Helium

Standard assumptions are Yp = (.24 YP — 03 13 .- O 044 (68% CL)

-

N 1 H 1 i 1 [P

M AR At daaeteaae
1 ¢ / . . 1
b 0 , BBN prediction |
b f 4

‘
b \ 4

\\ ‘,

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
p

Zero primordial Helium ruled out at > 60
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String amplitude

4 I llllllll I llllllll 1 llllllll 1

Battye & Moss, 2010
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Dunkley, RH, Sievers et al. 2010
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String amplitude

L T
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ACT Cluster detection

J0658-5557 J0638-5358 J0245-5302 J0102-4915 J0438-5419 ‘ J0645-5413

1E0657-56 AS0592 AS0295 A3404
J0546-5345"  J0235-5121 J0330-5227 j0616 -5227 10559 -52 J0215-5212

547 5345 New A3128(NE) ., SPT-J0559-5249

J0509-5341 49" 1023-25' 10516 -5430 46-5438 .021 -5245

e

SPT- 0509-524 A3402 New |

d0145 -5301 1}0304 -4921 j0707ﬁ522 8-5259
. ‘ "

k\gu New .T -0528-5300
Marriage et al. 2010

20 New RXC C )0
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ACT-CLJ0304-4921, =047 o = ().47 rCL) ~one * e i T
-

.9 SFT OSJ&S‘-!S. -

ACT-CL J0232-5257, 2 . ACT-CL j01Q2-4915, 2=0.75 - ACT-CLJO546 shas’ 2
. - - z 0-75

—

Menanteau et al. 2010 Renée Hlozek, INPA Seminar




Cluster number counts

Basic cosmological

C
model fits the data
well

See cluster
cosmology analysis
n

Sehgal et al. 2010

L 1 L I 1 T L

Mass Threshold

— — 10.4 x 10" M,
+0.6 x 10 M,

B
I | _— | —— l | _— l | l e

0.4 0.6 0.8
redshift
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What 1s the next ACT?

These results are Southern Survey — analysis to come of
equatorial data.

ACTPol:

Primary EE
CMB
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Summary
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